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.2013.12.0Abstract The inﬂuence of dietary cadmium on gonads’ maturation, reproduction and develop-
ment of offspring of red tilapia was evaluated. The study was conducted on four groups of juvenile
red tilapia (average length 8.2 ± 2.5 cm and average weight 38.3 ± 2.5 g). Four doses of cadmium
were applied in the feed: 0 mg Cd g1 (control group), 0.25, 0.5 and 1 mg Cd g1 of feed (wet
weight). The highest dose of Cd (1 mg Cd g1) inhibited spawning of females, impaired ovarian
development. Separation of follicular membrane from underlying ooplasm and abnormal vacuoli-
zation of ova were observed. Also in males this dose caused degeneration of spermatogenic ele-
ments, ﬁbrosis of lobule walls and blood inﬁltration. A signiﬁcant decrease in sperm number and
sperm motility was also detected. Cadmium doses of 0.25 and 0.50 mg Cd g1 did not inﬂuence
gonads’ development of the studied ﬁsh. Ovaries and testis showed no differences in the develop-
ment between the control group and groups receiving these doses of Cd. However, these doses
caused decrease in spawned eggs number, hatchability percentages and increased fries abnormali-
ties. Also, the growth of the developing offsprings was affected by these dietary doses.
ª 2013 Production and hosting by Elsevier B.V. on behalf of National Institute of Oceanography and
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Cadmium is a toxic non essential heavy metal commonly used
in ecotoxicological studies, because its concentration rises in
the environment due to some industrial wastes and domestic
sewage waste streams (mining, smelting, battery manufacturing822689.
m (O.M. Wahbi).
nal Institute of Oceanography
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05and cool burning) as reported by Goering et al. (1995). It is an
important xenobiotic in ecosystems, as a non degradable cumu-
lative pollutant and represents a large, ecologically signiﬁcant
problem due to its rapid accumulation in living organisms
but lost very slowly (Jensen and Bro-Rasiriussen, 1992). Its
contents varied in different organisms; in crustaceans was
0.0062 mg Cd g1 body weight, but in sea mollusks it ranged
from 0.425 mg Cd g1 in soft parts even to 1.163 mg Cd g1
in digestive gland (Eisler, 1985). Szczerbik (2003) supposed that
in natural environment cadmium in ﬁsh preys can play an
important role in the accumulation of this element in ﬁsh
tissues.
Cadmium is readily absorbed through intestines, skin and
accumulates in ﬁsh organs. Its bioaccumulation in ﬁsh, disrupt
endocrine processes especially those involved in synthesis,ational Institute of Oceanography and Fisheries.
314 E.H. El-Ebiary et al.release and metabolism of hormones (Thomas, 1993). It is also
known to cause abnormalities in the developing embryos (For-
an et al., 2002; Cheng et al., 2000; Williams and Holway,
2000). In their experiments, Szczerbik et al. (2001), found that
high Cd dose (10 mg Cd g1) signiﬁcantly reduced growth of
ﬁsh and caused elevation of mortality. Few studies have inves-
tigated the non-lethal consequences of Cd on ﬁsh gonads (Ko-
gan et al., 2000; Reddy et al., 1997).
The main goal of the current study is to evaluate the inﬂu-
ence of dietary cadmium levels on gonads of red tilapia during
sexual maturity and reproduction.
Materials and methods
Fish were maintained for two weeks in dechlorinated tap water
(Temperature 27 ± 1 C, pH 7.4 ± 0.2 and total hardness
70 mg/l as CaCo3 equivalents). Fish were fed twice a day on
commercially available pellets, without cadmium addition
(35% protein and 14% fat) during the acclimation period.
Cadmium (CdCl2) was added to the commercial granulated
food as recommended by Szczerbik et al. (2006) in concentra-
tion of: 0, 0.25, 0.50 and 1 mg Cd g1 food. Fish were fed twice
daily in the ratio of 4% of its body weight.
Fish of average length 8.2 ± 2.5 cm and average weight
38.3 ± 2.5 g were divided into eight groups (10 ﬁsh per group).
Each group was placed in aquarium of 80 l capacity (2 aquaria
for each concentration). The water in the aquaria was changed
once a week.
Milt volume and sperm number
Five male ﬁsh were selected randomly from each cadmium
concentration group and all milt were stripped in a graduated
dry and cool glass vials. 25 ll milt was diluted with artiﬁcial
seminal plasma (ASP) (1.6 mM CaCl2, 120 mM NaCl,
30 mM KCl, 1 mMMgCl2, 10 mM NaHCO3, and pH 8) and
counted using the Thomas counting Chamber at 400· magni-
ﬁcation as described by Metwally and Fouad (2009).
Sperm motility
Semen was diluted using ASP in a ratio of 1:100. 10 ll diluted
semen, was put in a bovine serum albumin (BSA) coated slide.
The percentage of motility was estimated at 400· magniﬁca-
tion. Motility% (M) =MC/SC · 100. Where MC represents
the number of motile sperm and SC represents the number
of sperm cells per microscopic area.
Fertilization capacity and number of spawned eggs
The stripped eggs were divided into aliquots of 50, placed in
polyethylene cups. Semen was added to the cups swirled for
one minute and allowed to stand for ﬁve minutes to allow fer-
tilization. After that, clean rearing water was added on eggs
and left for 30 min and then the fertilized eggs were transferred
to incubation trays. The trays were kept in a shaded place dur-
ing the initial 14-h post-fertilization period. Embryological
development was assessed by measuring the % of eyed eggs
in each tray. All fertilization trials were done twice in sample
and the accepted mean of those samples results.The hatchability percentage
Percentage of abnormal developing fries was detected. The
length and weight of the fries were estimated at age of 40 days
of development. The results were analyzed using the one way
ANOVA test followed by the Duncan multiple range test at
p 6 0.05 level of signiﬁcance.
Otherwise, 5 samples of males and females from each Cd
concentration and control were dissected. Gonad segments
were ﬁxed in Bouin’s solution, treated with a series of ethyl
alcohol and cleared in xylene solution. Gonad segments were
embedded in paraﬁne, blocked and sectioned into 3–5 lm thick
sections. Stained using Hematoxylin–Eosin stains (H&E) and
examined for any structural alterations due to dietary Cd.
Results
Growth, mortality and behavior
At the end of the experiment, the movement of ﬁsh that re-
ceived the highest dose of cadmium in diet decreased. Also
their average body weight lowered (p< 0.05) in comparison
with the control. The mean body weight of ﬁsh fed with dose
of zero, 0.25, 0.50 and 1.0 mg Cd g1 food was 107.85,
100.70, 95.21 and 85.01 g, respectively (Table 1).
The highest mortality was found in the group receiving the
highest cadmium dose (33%). In the remaining groups it ran-
ged from 11 to 14% compared to 4% in the control group
(Table 1).
A signiﬁcant decrease was found between the number of
spawned eggs in the control group and the group was fed with
cadmium dose of 0.50 mg Cd g1 food. Spawning was pre-
vented in the group fed with the highest cadmium dose
1 mg Cd g1 food (Table 1).
Milt volume, Spermatozoa number and sperm motility
were decreased in ﬁsh groups receiving cadmium doses, show-
ing signiﬁcant decrease in ﬁsh fed with the highest cadmium
dose 1 mg Cd g1 food (Table 1).
Also a decrease in fertilization capacity, hatchability per-
centage and an increase in the number of abnormal fries were
pronounced in groups receiving cadmium doses in the order of
0.25, 0.50 mg and 1.0 Cd g1 food (Table 1).
Body length of producing fries after 40 days of hatching
presents decreased values. Fries at concentration of
0.25 mg Cd g1 food were 22% shorter than the control. While
at a concentration of 0.50 mg Cd g1 food, fries were 33%
shorter than the control ones (Table 2). Decreases in weight
essentially parallel the observations of decrease in length
(Table 2).
Histological changes in gonads
No distinct variation in histological characteristics of testis of
groups receiving doses of 0.25 and 0.50 mg Cd g1 food with
control ones was seen. In all samples of the control group, tes-
tis were ripe, lobules completely ﬁlled with spermatozoa
(Fig. 1a). While testes of groups receiving doses of 0.25 and
0.50 mg Cd g1 food, most of it were mature only one from
the samples tested was ripe, lobules have thickened interlobu-
lar membrane, ﬁlled mainly with normal shaped spermatozoa
Table 2 Growth and survival (means) of red tilapia offspring parentally exposed to different dietary cadmium concentrations.
Cd (mg/g) Survival% Mean length (mm) Mean dry weight (mg)
At hatching 40 days after hatching % Gain At hatching 40 days after hatching % Gain
0.00 94.50 11.50 24.58 113.74 5.21 16.16 2.10
0.25 87.70 10.15 19.22 89.36 4.81 12.42 158.12
0.50 82.40 8.42 16.60 97.15 3.85 10.60 175.32
Figure 1 (a) Ripe testis of control ﬁsh notice, thin interlobular embrane (arrow). (b) Testis of ﬁsh from 0.5 mg Cd g1 of feed notice
thickened interlobular membrane (arrow). (c, d) Testis of ﬁsh from 1 mg Cd g1 of feed notice, degenerative spermatogenic elements,
thickened interlobular membrane (arrow) H&Ex400. Primary spermatogonia (Sg1), Secondary spermatogonia (Sg2), Primary
spermatocyte (Sp1), Secondary spermatocyte (Sp2), Spermatid (Sd), Spermatozoa (Sz), Leydig cell (Ley), Sertoli cell (Sr).
Table 1 Survival, growth, reproduction data of red tilapia exposed to different dietary cadmium concentrations.
Parameters Cd conc. (mg/g diet)
1.00 0.50 0.25 0.00 (control)
Survival (%) 67% 86% 89% 96%
Weight (g) 85.01 ± 1.5* 95.21 ± 2.10 100.70 ± 1.70 107.85 ± 3.80
Eggs/spawning 0 107 ± 8.50* 123 ± 11.90 138 ± 20.55
Total milt volume (ml/kg) 2.8 ± 0.35* 3.7 ± 0.75 3.9 ± 0.14 4.2 ± 1.33
Sperm motility (%) 76.10 ± 3.10* 83.25 ± 2.31 89.22 ± 1.50 92.42 ± 4.11
Sperm number (x109sp/ml) 5.0 ± 0.20* 8.9 ± 0.65 12.2 ± 0.11 12.7 ± 1.10
Fertilization Capacity (%) – 71.36 ± 1.71* 82.55 ± 0.91 86.89 ± 2.15
Hatchability (%) – 65* 81 88
Abnormal fry (%) – 5.8* 2.4* 0.7
* Signiﬁcant difference at p< 0.05.
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However, in the group fed diet containing 1 mg Cd g1 food
many testicular abnormalities were seen including develop-
mental stages, Sertoli and Leydig cells degeneration, ﬁbrosis
of lobular walls (Fig. 1c) and blood cells inﬁltration (Fig. 1d).
Ovaries of the control ﬁsh group as well as in groups receiv-
ing doses of 0.25 and 0.50 mg Cd g1 food, most of the oocyteswere at stages of advanced or complete vitellogenesis. Ova of
the control group were ripe, at tertiary yolk deposition state
having intact follicular membrane (Fig. 2a). Ovary of groups
receiving doses of 0.25 and 0.50 mg Cd g1 food showed
normal shaped ova at variable stages of yolk deposition with
intact follicular membrane (Fig. 2b). While in the group receiv-
ing the highest cadmium dose (1 mg Cdg1food), Cadmium has
Figure 2 (a) Ripe ovary of control ﬁsh. (b) Ovary of ﬁsh from
0.5 mg Cd g1 of feed notice, ova at variable stage of development.
(c) Ovary of ﬁsh from 1 mg Cd g1 of feed notice, deformed ova,
detached follicular membrane (arrow) H&Ex150.
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number of vacuoles and detached follicular wall were observed
in almost all ovary samples tested (Fig. 2c).
From this study, it can be concluded that dietary cadmium
fed to red tilapia in dose of (1 mg Cd g1 food) affects body
weight of ﬁsh, caused abnormalities in testes structure, de-
creases milt volume and sperm number, affecting ovarian
structure and also prevent spawning. While lower doses of
0.25 and 0.5 mg Cd g1 of food have no effect on testes and
ovaries’ structure but, had an effect on spawned eggs’ number
as well as hatchability rate and growth of offsprings and in-
creases the percentage of abnormalities in developing ones.
Discussion
Many studies described the inﬂuence of water borne cadmium
on ﬁsh (Annali et al., 2013; Thophon et al., 2003). Dietary cad-
mium also causes a similar effect (Ladhar et al., 2013; Szczer-
bik et al., 2006; Dang et al., 2001). In the present study, a
signiﬁcant decrease in growth rate and in locomotion activityafter exposure to 1 mg Cd g1 of food was observed. The loco-
motion activity can affect the survival chances of an organism
in the natural environment (Szczerbik, 2003). Similar results
have been described by Szczerbik et al. (2001) and McGeer
et al., (2000).
In the present study, the mean weight of ﬁsh in the group
fed with a dose of 1 mg Cd g1 of food was signiﬁcantly low-
ered. Hansen et al. (2002) reported a negative impact of cad-
mium on the growth of ﬁsh. Borgmann and Ralph (1986)
showed that cadmium decreased food intake and assimilation
and led to a decrease in the growth rate of ﬁsh. Cadmium de-
creases growth rate by accelerating metabolism, increasing the
consumption of energy (Bryan et al., 1995). Wendelaar Bonga
(1997) stated that cadmium stress increase the release of corti-
costeroids (mainly cortisol). Cortisol signiﬁcantly inﬂuences
metabolism and reproduction (Pankhurst and Van Der Kraak,
2000). Similar effect of cadmium on reproduction, growth and
ﬁsh activity occurred in the group receiving the highest cad-
mium dose, observed in our experiment.
Histological analysis showed that cadmium affects gonadal
structure. In the group fed with cadmium dose (1 mg Cd g1 of
food), oocyte developed abnormal vacuolization while in the
groups receiving 0.25 and 0.5 mg Cd g1 of food, most of the
oocytes were at the stage of advanced vitellogenesis compared
to full ripe ones in the control group. Similarly Victor et al.
(1986), found disturbances in vitellogenesis, of Lepidocepha-
lichthys thermalis caused by cadmium action. Kogan et al.
(2000) and Povlsen et al. (1990) reported that cadmium inhibi-
tion of gonadal growth of adult ﬁsh during the pre-reproduc-
tive season is by inhibiting protein synthesis in ovaries.
Nevertheless, Thomas (1989, 1993) found an acceleration of
gonadal growth in ﬁsh due to cadmium effect.
In the present experiment, cadmium had an antiestrogenic
effect. The highest cadmium dose (1 mg Cd g1) in the ﬁsh
meal prevents spawning and, the doses (0.50 and
0.25 mg Cd g1 of food) lowered the number of spawned eggs
than the control group suggesting a negative impact of cad-
mium on ovulation. Pundir and Saxena (1992) and Singh
(1989) reported that cadmium inﬂuenced growth and develop-
ment of ovary including ovulation of ﬁsh. Cadmium probably
acted at the stage of vitellogenesis and at the last stages of oo-
cyte maturation, and so could disturb synthesis of reproductive
hormone responsible for development and ovulation of ova.
Dietary cadmium in dose of 0.08–0.4 mg Cd g1 of food re-
duces the percent of viable eggs and prevents egg production
at higher cadmium levels in zebraﬁsh and sheepshead minnows
(Arthur et al., 2003; Orn et al., 1998).
In the present study, the dietary cadmium in doses of 0.25
and 0.50 mg Cd g1 of food also decreases hatchability rate
and growth of offsprings as well as, increases percentage of
fries’ deformations. Cadmium caused malformation in em-
bryos (Szczerbik et al., 2008) and early life stages of zebraﬁsh
and rainbow trout (Cheng et al., 2000; Williams and Holway,
2000). Parental exposure of Japanese medaka to cadmium con-
centration of 5.0 mg Cd g1 of food lower hatchability rate
(Foran et al., 2002). Also high mortality and reduced length
of developing embryos and larvae of seabream (Cao et al.,
2009) and rainbow trout (Williams and Holway, 2000) were
found due to cadmium exposure. We can say that high cad-
mium concentrations in food had a negative effect on ﬁsh, af-
fect reproduction, delayed growth and disturbed sexual
maturation of ﬁsh.
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